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@ A method of spreading material, such as fertilizer or seed.

@ The invention relates to a method of using an implement for spreading a material under the control of a
microprocessor (2). In the microprocessor (2), a desired amount of material to be spread per unit of time (7) is
defined on the basis of values introduced into the microprocessor (2). Furthermore, before spreading the
material, a pre-determined adjustment factor (9) attuned to the type of material to be spread is introduced into
the microprocessor (2) and used to adapt the defined value of the desired amount of material per unit of time
(7). The adapted value is used for the control of a metering device (1) through the intermediary of a standard
characteristic attuned to the type of implement and/or algorithm, both stored in the microprocessor (2). During
the spreading of material, on account of signals produced by a weight measuring unit (32) and which represent
the decrease in weight of the material, the value related to, and adapted to the desired amount of material per
unit of time (10) is corrected if it deviates from the measured amount of material spread per unit of time.
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The invention relates to a method of using an implement for spreading a material, such as fertilizer or
seed, under the control of a microprocessor in which, on the basis of values with regard o the working
width, the speed of fravel and the desired amount of material to be spread on a unit of area introduced into
the microprocessor, a desired amount of material 1o be spread per unit of time is defined and used for the
control of a metering device through the intermediary of a standard characteristic and/or algorithm stored in
the microprocessor, while during the spreading of material, by means of a suitable programme provided in
the microprocessor, on account of signals produced by a weight measuring unit and which represent the
decrease in weight of the material, the value related to, and adapted to the desired amount of material per
unit of time is corrected if it deviates from the measured amount of material spread per unit of time.

Such a method is known from European Patent Application No. 0537857.

By the said method it is feasible to check continuously during the spreading of material whether the
amount of material spread complies with the desired amount of material to be spread, as previously
intfroduced into the microprocessor, while the microprocessor takes action when the amount of material
spread per unit of time deviates from the desired amount of material to be spread per unit of time. If the
physical properties of the material to be spread are roughly equal to those of the standard material by
means of which the standard spreading curve introduced into the computer has been determined, then, on
the basis of measuring results gathered during operation, no adaptation or only a minor adaptation of the
spreading curve taking a relatively short time will follow. As a result of this, the surface area covered with a
too high or too low amount prior to the adaptation remains confined.

In actual practice, however, it has turned out that, e.g. even in one and the same batch or type of
fertilizer, it happens that physical properties fluctuate with time. Thus it is not impossible that e.g. a certain
type of fertilizer made by a first manufacturer and the same type of fertilizer made by a second
manufacturer call for a different spreading curve when applied in one and the same implement. Also the
conditions under which e.g. fertilizer is stored in a warehouse or silo have an effect on the physical
properties of the material. Thus, for example, the relative humidity of air has a considerable effect on the
physical properties and corresponding fertilizer spreading curve. This is caused by the fact that fertilizer is
hygroscopic and extracts moisture from the air, making the granules heavier so that they flow less rapidly
from the reservoir or hopper.

The invention has for its object to provide a method enabling to determine as early as feasible the
spreading curve going with the material to be spread.

In accordance with the invention, this is achieved by introducing into the microprocessor, before
spreading the material, a pre-determined adjustment factor attuned to the type of material to be spread,
whereafter the microprocessor adapts the defined value of the desired amount of material per unit of time
by means of the said adjustment factor. Still before a first measurement with regard to the decrease in
weight of material suitable to be used during the spreading of the material is available, a correction to the
desired amount of material to be spread per unit of time has thus taken place. By the above method it is
feasible to cover a surface area at a relatively high accuracy prior to the first usable measurement, even
when different types of materials having different physical properties are spread.

In order to attune the desired and realized amount of material per unit of time to each other even more
accurately, according to the invention, a method is adopted whereby, at the start of spreading the material,
an adjustment test is conducted, implying that, prior to spreading the material, the initial weight of at least a
part of the implement including the material to be spread or the initial weight of the material to be spread is
determined, which value is then stored into the microprocessor, while during the spreading of material, with
the aid of summing means, the adapted and possibly corrected, desired decrease in weight per unit of time
of the material to be spread is summed, and an attention signal is supplied by the implement when the
summed desired decrease in weight equals a pre-defined value, the attention signal being an indication that
the implement has to be halted, whereafter, for the termination of the adjustment test, the weight of at least
a part of the implement including the material to be spread or the weight of the remaining material to be
spread is determined, where-after the weight of the actual amount of material spread, meaning the
difference between the initial weight and the weight determined upon the attention signal for the adjustment
test, is determined, whereafter the difference between the weight of the actual amount of material spread
and the summed desired decrease in weight is determined, and where, in the event that there is a
difference between the weight of the actual amount of material spread and the summed desired decrease in
weight, the microprocessor determines a correction factor related to the difference, by which factor the
adapted and possibly corrected value of the desired amount of material per unit of time is corrected. As a
result of determining the weight in a stationary manner in case of application of the said method at the start
of spreading the material and at the termination of the adjustment test, disturbing factors, such as possible
shaking of the implement during operation, have hardly any or no effect on the measurement. Owing to this,
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the weight can be determined with great accuracy and it is feasible to determine with even greater accuracy
whether the weight of the amount of material really spread deviates from the desired weight decrease.
Hereafter, it is feasible to calculate a highly accurate correction factor on account of a possible difference in
results from said measurements, by means of which correction factor the desired amount of material per
unit of time can subsequently be corrected prior to operating again the implement for spreading material. In
a preferred embodiment of the invention, an attention signal is produced when the summed adapted and
possibly corrected desired decrease in weight per unit of time has reached the value of 60 kgs.

Because the physical properties such as those of fertilizer may change during operation, too, e.g. as a
result of moisture extraction from the air, the invention also relates to a method whereby the implement is
provided with summing means which, during the spreading of material, sum the adapted and possibly
corrected value of the desired amount of material per unit of time and the value of the amount of material
really spread, where, after a pre-determined number of summations, the difference between the two
summations is determined and compared against a threshold value previously introduced into the micropro-
cessor, and where, if this threshold value is exceeded, a correction factor is determined on account of the
magnitude of this excess, by means of which correction factor the said value of the desired amount of
material per unit of time is corrected again. In certain conditions it may happen that during the said
adjustment test, too, a correction to the adapted desired amount of material per unit of time takes place.
Such is the case if, during the adjustment test, the difference between the two summations exceeds the
threshold value introduced previously. In a preferred embodiment of the invention, the threshold value is
preferably 5 kgs. The calculation of the correction factor during the "travelling" adjustment test is as follows:

start end
adjustment test adjustment test
1st correction 2nd correction
A z(AM)meas1 z:(A‘M)measz z(‘\M)lmeasli
Z(aM) poas total decrease in weight measured

Correction new =

Corr.1-2(AM)meas1+ Corr.z-E(AM)measz+ Corr.3-2(AM)meas3+ Corr.1' E(AM)meas_ tot.
I:(AM)des
):(AM)meas tot. = Massstart'MaSSend'z(AM)meas1'):(AM)meaSZ'):(AM)measa
where:
L (AM)yeas = summed decrease in weight measured
L(AM)ges = summed decrease in weight desired
A = hardware starting-up time

According to a further aspect of the invention, a method is adopted whereby, after the difference
between the two summations has been determined for a first time, the difference is time and again
determined over the same magnitude of the predetermined number of summations as soon as, for both the
desired amount of material per unit of time and the corresponding amount really spread, a new summation
value has been supplied o the summing means. In this manner, the difference between said values is each
time determined by means of the progressive average of the two values.

According tfo still another aspect of the invention, a method is also adopted, by which the first correction
factor determined by the microprocessor during operation is permitted to represent a value which results in
that the difference between the original value of the desired amount of material per unit of time and the
corrected amount is not more than 10%.

According to a further aspect of the invention, a method is also adopted, whereby each subsequent
correction factor determined by the microprocessor is permitted to represent a value at which the difference
amounts to not more than 5%. With the said methods it is taken for granted that a first adaptation of the
desired amount of material per unit of time may be a relatively large adaptation, whereas each subsequent
correction requires a smaller adaptation and consequently should take place with a smaller step. Hereby it
is obviated that an overcorrection takes place due to successive application of a relatively large correction
factor, which overcorrection should be followed by a subsequent correction to compensate it. As a result of
this, relatively numerous corrections are needed before a relatively accurate value has been reached.
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According to a further aspect of the invention, a method is adopted, whereby an attention signal occurs
after the maximum difference of 5% has been applied three times in succession. The said method assumes
that, in the event that a difference of 5% has been applied three times, this is an indication of the fact that
disturbing factors are present, as a result of which the material to be spread does not pour out conformably
fo expectations. The latter may be due to, for example, a stoppage near a discharge opening in the
reservoir or a malfunctioning shut-off valve.

The invention further relates to an implement for the application of said method.

By way of illustration of the invention, an embodiment of an implement for spreading material by said
methods will now be described with reference to a schematic diagram.

Figure 1 shows a schematic diagram of an electronic measuring and control system according to the
invention.

Figure 1 comprises a schematic diagram of an electronic measuring and control system including a
metering device 1, a microprocessor 2 and weight measuring correction means 3.

The operation of the system is as follows:

The microprocessor 2 determines a desired amount of material per unit of time 7 (kg/s), e.g. in the
event of fertilizer spreading, on the basis of the desired dose 4 (kg/m?), working width 5 (m) and travelling
speed 6 (m/s), and supplies it to adjusting means 8 through a line. Through the medium of e.g. a keyboard,
an adjustment factor 9 is supplied to the adjusting means 8, said adjustment factor 9 having been
determined previously. In this connection, the adjustment factors 9 should be attuned to the types of
material to be spread. The adjustment factors 9 for the different types of material and/or the same types of
material from different manufacturers may be established by experiment by the manufacturer of the
electronic measuring and control system and be included in the instructions for use supplied with the
system. Before taking to spread a certain type of material, the instructions for use should be consulted and
the adjustment factor 9 corresponding with the manufacturer of the respective material be found and
subsequently be introduced into the adjusting means 8. The desired amount of material per unit of time 7 is
then adapted in the micro-processor by means of the adjustment factor 9. By means of a standard
characteristic and/or a standard algorithm 11, a control signal to adjust the metering device 1 is derivable
from the adapted, desired amount of material per unit of time 10.

By means of the metering device 1, a discharge aperture related to the adapted, desired amount of
material per unit of time is adjusted, so that per unit of time a number of kilograms of material flows out of
the hopper of the implement for spreading material. How many kilograms at a certain point of time are
present in the hopper is measured by a weight measuring unit 32, e.g. a weighing cell. For this purpose, the
weight measuring unit 32 supplies a signal representing said weight to line 12 and this signal is
subsequently applied to the weight measuring correction means 3. To enable the weight of the implement
also to be determined when it is in an oblique position, the weight measuring correction means 3 comprise
a filtering and correction unit 13 and a correction factor determining sensor 14. The filtering and correction
unit 13 filters on one hand the output signal of the weight measuring unit 11 (weighing cell) on the line 12,
and on the other hand the output signals of the correction factor determining sensor 14 on line 15. In the
embodiment of the invention according to Figure 1, the correction factor determining sensor 14 is a
clinometer or angle measuring cell, whose output signals, resolved into two mutually perpendicular
components, are supplied to the line 15. So, the angle measuring cell is sensitive in two directions and is
thus capable of determining the weight of the implement also when the implement is in an oblique position.
During operation of the implement, disturbances arise due to e.g. vibrations of the power-take-off shaft,
shocks resulting from travelling on uneven ground, etc. Filters 16 and 17 are utilized to minimize these
disturbances. The filters 16 and 17 are designed as low-frequency band-pass filters. The filter 16, which
filters the signal from the weight measuring unit 32, is a filter having an adjustable bandwidth, with the
adjustment being made by hand or from a microprocessor 18. In actual practice, a filter 16 having a large
bandwidth is chosen when the hopper is being filled, because such a filter entails a relatively small time
delay, and consequently, the weight of the hopper including its contents can be read out almost
immediately. During travelling on a parcel of land, undesired frequencies may occur due to unevennesses
in the field. As these frequencies are very impeding to an appropriate weight determination, it is desirable fo
filter them out to the maximum extent feasible. To achieve this, the width of the passband of the filter 16 is
limited during travelling on the parcel of land, so that an additional filtering of high-frequency components in
the signal delivered by the weight measuring unit 32 is obtained. In the filtering and correction unit 13 there
are also provided calculating means 19, in which the signal output by the filter 16 of the weight measuring
unit 32 is corrected. This correction takes place by means of the signals supplied through the filter 17 by
the correction factor determining sensor 14. Hereinafter, it will be further detailed how the correction itself is
implemented.
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The weight measuring correction means 3 and the weight measuring unit 32 constitute an electronic
measuring device 20, by which the corrected instantaneous weight is supplied, through a line 21, to the
microprocessor 2 where it can be shown on the screen of a display device and/or be stored in a memory.

Furthermore, in the microprocessor 18, the corrected instantaneous weight is supplied to mass-flow
adjusting means 22 through the line 21. By means of the mass-flow adjusting means 22 it is determined
whether the value of the corrected instantaneous weight determined at successive points of time cor-
responds with the value of the adapted, desired amount of material per unit of time 10 which is also
supplied to the mass-flow adjusting means 22. To establish the said values, the mass-flow adjusting means
22 comprise first summing means 23 and second summing means 24. The first summing means 23 are
provided with a memory, in which an initial weight determined by the electronic measuring device 20 is
stored. Furthermore, the first summing means 23 comprise means to determine, each time after a certain
fime interval, the difference between the initial weight and the current weight established by the measuring
device 20, and to sum a number of values. In the exemplary embodiment, the time interval is preferably
0.25 s, while 100 values are summed each time.

The accompanying table shows which are the L(AM)neas (cOlumn 3) values supplied by the first
summing means 23 at an initial weight of 1,000 kg (column 2) in a numerical example. With the Z(AM)meas
values supplied by the summing means 23 it can thus be determined how much material (in kg) has been
spread at a certain point of time; it can thus be read from the table that 5 kg has been spread at the point
of time t=1, 11 kg at t=2, etc.

Time Values supplied tronic by elec Values device | Values supplied by| Difference
measuring 20 to means 23 supplied by means 23 means 24

t=0 1000 *

1 995 5 5 0

2 989 11 10 1

3 982 * 18 15 3™

4 978 4 5 1

5 973 9 10 1

6 967 15 15 0

7 965 * 17 20 3~

8 957 25 25 0

* {0 memory in 23
* higher than threshold value (= 2 kgs)

Also for 100 values at a 0.25 s time interval, with the aid of the adapted, desired amount of material per
unit of time, the summed desired value L(AM)4es Of the weight to be spread per time interval, correspond-
ing with the time interval between difference determinations in the first summing means 23, is determined
with the said second summing means 24. In the numerical example rendered by the table, the desired
weight L(AM)ges t0 be spread over the time interval between t = 0 and t = 1 amounts to 5 kgs, and that
betweent = 0 andt = 2 amounts to 10 kgs.

The mass-flow adjusting means 22 comprise also correction factor determining means 27 which are
supplied with the values L(AM)neas and L(AM)ges and by means of which it is feasible to determine a mass-
flow correction factor which is supplied, through line 25, to mass-flow 10 correction means 26, enabling the
latter to correct the desired mass flow 10 by this factor. The mass-flow correction signal is determined by
means of a function belonging to the correction factor determining means 27 and by which the following
calculation each time takes place:

Z(AM)des . fA
Z (AM)meas

where fo = current correction factor (at f4 = 1 ont = 0). To avoid that the mass-flow correction signals are
passed on to the mass-flow correction means at too high a frequency and that, consequently, there is a
threat of instable control, it is determined beforehand that the mass-flow correction signals are supplied at a
frequency not exceeding a certain maximum value. Hereto, a condition function 28 is included in the mass-
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flow adjusting means 22. With the aid of this condition function 28 it is determined whether the difference
between E(AM)peas @and L(AM)ges is great enough to take to adjusting the desired mass flow 10. In the
condition function 28, the value of the difference between L(AM)yeas and L(AM)ges is compared against a
threshold value 29 previously introduced for adjusting the desired mass flow. Reverting to the numerical
example in the fable, this threshold value 29 may be assumed to be 2 kgs. From column 5 of the table it
may be seen that up to the point of time t = 2 the difference between L(AM)neas and L(AM)ges does not
exceed this threshold value 29; therefore, notwithstanding that a difference between the desired and current
mass flow exists, a mass-flow correction signal is not supplied and, consequently, no adjustment takes
place. Not until point of time t= 3, the value of the difference between L(AM)neas and L(AM)qes is greater
than the threshold value 29 and, by means of the condition function, a signal is supplied through a line 30
fo the correction factor determining unit 27, which subsequently supplies a mass-flow correction signal to
the mass-flow correction means 26. A readjustment of the adapted, desired amount of material per unit of
time is a fact at that time. After the delivery of the mass-flow correction signal, the correction factor
determining means 27 supply a reset signal through a line 31 to the first summing means 23 and second
summing means 24, so that these simultaneously start determining a new series of values for L(AM)meas
and L(AM)ges. Upon the reset signal, the old initial weight will be removed from the memory of the first
summing means 23 and the memory is then filled with the current value of the weight determined by the
weight measuring unit 32; in the numerical example, the figure of 982 is thus stored into the memory at the
point of time t = 3, while 1000 is erased from the memory (see column 1), whereupon the previous process
starts all over again.

Claims

1. A method of using an implement for spreading a material, such as fertilizer or seed, under the control
of a microprocessor (2) in which, on the basis of values with regard to the working width (5), the speed
of travel (6) and the desired amount of material to be spread on a unit of area (4) introduced into the
microprocessor (2), a desired amount of material to be spread per unit of time (7) is defined and where
also, before spreading the material, a predetermined adjustment factor (9) attuned to the type of
material to be spread is introduced into the microprocessor (2), whereafter the microprocessor (2)
adapts the defined value of the desired amount of material per unit of time (7) by means of the said
adjustment factor (9), which adapted value (10) is used for the control of a metering device (1) through
the intermediary of a standard characteristic and/or algorithm (11) stored in the microprocessor (2),
while during the spreading of material, by means of a suitable programme provided in the microproces-
sor (2), on account of signals produced by a weight measuring unit (32) and which represent the
decrease in weight of the material, the value related to, and adapted to the desired amount of material
per unit of time (7) is corrected if it deviates from the measured amount of material spread per unit of
fime.

2. A method according to claim 1, whereby, at the start of spreading the material, an adjustment test is
conducted, implying that, prior to spreading the material, the initial weight of at least a part of the
implement including the material o be spread or the initial weight of the material to be spread is
determined, which value is then stored into the microprocessor, while during the spreading of material,
with the aid of summing means (24), the adapted and possibly corrected, desired decrease in weight
per unit of time of the material o be spread is summed, and an attention signal is supplied by the
implement when the summed desired decrease in weight equals a pre-defined value, the attention
signal being an indication that the implement has to be halted, whereafter, for the termination of the
adjustment test, the weight of at least a part of the implement including the material to be spread or the
weight of the remaining material to be spread is determined, whereafter the weight of the actual amount
of material spread, meaning the difference between the initial weight and the weight determined upon
the attention signal for the adjustment test, is determined, whereafter the difference between the weight
of the actual amount of material spread and the summed desired decrease in weight is determined, and
where, in the event that there is a difference between the weight of the actual amount of material
spread and the summed desired decrease in weight, the microprocessor (2) determines a correction
factor related to the difference, by which factor the adapted and possibly corrected value of the desired
amount of material per unit of time (10) is corrected.

3. A method according to claim 1 or 2, whereby the implement is provided with summing means (23)
which, during the spreading of material, individually sum the adapted and possibly corrected value of
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the desired amount of material per unit of time and the value of the amount of material actually spread,
and whereby, after a predetermined number of summations, the difference between the two summa-
tions is determined and compared against a threshold value (29) previously introduced into the
microprocessor (2), and whereby, if this threshold value (29) is exceeded, a correction factor is
determined on account of the magnitude of this excess, by means of which correction factor the said
value of the desired amount of material per unit of time (10) is corrected again.

A method according to claim 3 whereby, after the difference between the two summations has been
determined for a first time, the difference is time and again determined over the same magnitude of the
pre-determined number of summations as soon as, for both the desired amount of material per unit of
time and the corresponding amount actually spread, a single new summation value has been supplied
fo the summing means.

A method according to any one of the preceding claims, by which method the first correction factor
determined by the microprocessor (2) during operation is permitted to represent a value, which results
in that the difference between the original value of the desired amount of material per unit of time and
the corrected value is not more than 10%.

A method according claim 5, whereby each subsequent correction factor determined by the micropro-
cessor is permitted to represent a value, at which the difference amounts to not more than 5%.

A method according to claim 6, whereby an attention signal occurs after the maximum difference of 5%
has been applied three times in succession.

An implement for adopting a method according to any one of claims 1 through 7.
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